Introduction {#Sec1}
============

Extensive and uncontrolled use of antibiotics in medication, veterinary, agriculture, aquaculture and farming has resulted in the appearance of antibiotic resistant bacteria in the environment. Resistance genes and resistant bacteria in the environment are considered an ecological problem (Levy and Marshall [@CR10]). Thus, the routes of their dissemination should be monitored. Integrons are natural bacterial gene capture systems that are considered responsible for multiresistance, i.e., resistance towards at least three antibiotics belonging to different chemical groups. The integron platform covers DNA fragments that consists of an integrase gene of the tyrosine recombinase family, a primary recombination site called the *attI*, and a promoter P~C~ that directs transcription of the captured genes (Hall and Collis [@CR8]). Integron-encoded integrase can recombine discrete units of circularized DNA known as gene cassettes. As the integron system has the ability to create novel combinations of resistance genes, it could represent a dynamic force in the evolution of multidrug resistant bacteria. Integrons are linked to mobile DNA elements such as transposons and conjugative plasmids that enable horizontal spread through bacterial populations (Fluit and Schmitz [@CR7]). Five classes of resistance integrons have been defined based on nucleotide sequence similarity of their integrase genes. Class 1 integrons are most ubiquitous among Gram-negative bacteria, but have been reported in Gram-positive bacteria such as *Mycobacterium* sp. *Corynebacterium* sp., and *Enterococcus* sp., class 2 integrons possess a defective integrase gene and are associated with Tn*7* family of transposons, and class 3 integrons have been found in *Serratia marcescens*, *Alcaligenes xylosidans*, *Klebsiella pneumoniae*, *Pseudomonas putida*, *P. aeruginosa* (Fluit and Schmitz [@CR7]; Mazel [@CR13]; Márquez et al. [@CR12]). The fourth and fifth class has been identified in *Vibrio* species (Mazel [@CR13]).

Integrons can be transferred between cells of the same or different species in one genetic event, leading to resistance in bacterial strains that were previously susceptible. Moreover, integron-mediated resistance can be silenced in bacterial population at no biological cost, which means that resistant bacteria may persist even if the selective pressure imposed by antibiotic usage is reduced (Allen et al. [@CR2]).

In the present study we searched for the presence of integron-bearing Gram-negative bacteria in the gut of a wild boar (*Sus scrofa* L.) shot in the buffer zone of Drawieński National Park in Poland.

Materials and methods {#Sec2}
=====================

Bacterial isolation and determination of integron presence {#Sec3}
----------------------------------------------------------

Bacteria from the intestine sample of a shot wild boar were isolated on MacConkey agar no. 3 (Oxoid). Integrons were detected in bacterial genomic DNA by the multiplex PCR method according to Dillon et al. ([@CR5]). Integron-positive strains were then identified with API 20E or API 20NE (BioMérieux, Craponne, France) and by sequencing 16S rDNA. To determine whether strains belonging to the same species were genetically similar, a rep-PCR with starters REP1R (5′-IIIICGICGICATCIGGC-3′) and REP2I (5′-ICGICTTATCIGGCCTAC-3′) was performed to amplify repetitive extragenic palindromic sequences (Versalovic et al. [@CR16]). The PCR reaction consisted of an initial denaturation for 7 min at 95°C and 30 cycles of 30 s at 94°C, 30 s at 40°C and 30 s at 65°C followed by a final extension step of 16 min at 65°C. Electrophoretic patterns of the products were analyzed by using Gel Compar II 3.5 software (Applied Maths; <http://www.applied-maths.com>) with Dice coefficient and the UPGMA method.

Analysis of variable parts of integrons {#Sec4}
---------------------------------------

Variable parts of class 1 and class 2 integrons were amplified using primers complementary to the 5′ and 3′ conserved regions of the class 1 (5′-CS; 3′-CS) and class 2 (Hep54 and Hep71) integrons. The primer sequences have been published elsewhere (Lévesque et al. [@CR9]; White et al. [@CR17]). PCR amplifications were conducted as follow: initial denaturation at 94°C for 5 min, and 30 cycles of 94°C for 1 min, 55°C for 1 min, 72°C for 5 min, and final elongation at 72°C for 8 min.

Variable parts of the integrons as well as class 2 integrase gene amplicons were sequenced in a 3130xl Genetic Analyzer (Applied Biosystems, Foster City, CA). Sequence data were analyzed with DNA Baser (Heracle Software; <http://www.dnabaser.com>) and aligned with available GenBank data using Nucleotide BLAST (Basic Local Alignment Search Tool; <http://blast.ncbi.nlm.nih.gov/Blast.cgi>). A gene cassette was identified if the similarity with GenBank data was equal to or higher than 95%. The PCR reactions were done in a C1000™ Thermal Cycler (BioRad, Hercules, CA). The products were separated in a 1.5% agarose gel. The molecular weight of PCR products was determined with Bio-Capt MW software (Vilber Lourmat, Marne La Vallée, France).

Antibiotic resistance {#Sec5}
---------------------

Antibiotic resistance patterns were determined by agar disc diffusion test according to The European Committee on Antimicrobial Susceptibility Testing (EUCAST [@CR6]). The quality control strain used in the study was *Escherichia coli* ATCC 25922. The isolates were tested for susceptibility to 27 antibiotics: amikacin, amoxycyllin/clavulanic acid, ampicillin, aztreonam, cefoperazone, cefotaxime, ceftazidime, cefuroxime, cephalotin, cephazolin, chloramphenicol, ciprofloxacine, co-trimoxazole, gentamicin, imipenem, kanamycin, netilmicin, nitrofurantoine, norfloxacin, piperacillin, piperacillin/tazobactam, streptomycin, sulfamethoxazole, tetracycline, ticarcillin, tobramicin, and trimethoprim. All antibiotic discs were provided by Oxoid.

Conjugation assay {#Sec6}
-----------------

The transfer capability of integrons was determined in the broth-mating conjugation assay with *E. coli* J-53 (Rif^R^) as recipient strain (Mokracka et al. [@CR14]). Briefly, overnight cultures of the donor and recipient strain were mixed in equal volumes, grown to mid-exponential phase, plated onto Mueller-Hinton agar plates containing rifampicin and sulfamethoxazole (all donor strains were sulfamethoxazole resistant), and incubated for 24 h at 30°C. Transconjugants were identified phenotypically, and the presence of integrons checked by PCR as described above. Plasmid DNA of donor strains and transconjugants was isolated with PureYield™ Plasmid Mini Prep System (Promega, Madison, WI). All experiments were performed in triplicate.

Results and discussion {#Sec7}
======================

Five isolates recovered from the gut of a wild boar were positive for the presence of an integrase gene and were analyzed further. Four isolates had class 2 integrase (*intI2*), whereas one harbored class 1 integrase (*intI1*). No class 3 integrons were found. Integrons were found in *E. coli* (two strains), *Hafnia alvei*, *Serratia odorifera* and *Pseudomonas* sp. (Table [1](#Tab1){ref-type="table"}). Biochemical traits and 16S rDNA sequence allowed identification of the *Pseudomonas* sp. strain only to the genus level. The two isolates of *E .coli* had distinct rep-PCR patterns and were genetically unrelated with a similarity level 52% (data not shown). The class 2 integrons, which in this study were in the majority, are usually detected less frequently, as most papers report a prevalence of class 1 integrons among *intI*-positive bacteria isolated from environmental samples (Ahmed et al. [@CR1]; Poeta et al. [@CR15]).Table 1Characteristics of integrons and antibiotic resistance patterns of bacterial strains isolated from wild boar gutStrain no.SpeciesIntegraseSize of the integron's variable partGene cassetteAntibiotic resistance patternAntibiotic resistance pattern of transconjugantD1/5*Hafnia alveiintI2*1.6 kb*sat2*--*aadA1*STR^a^, CHL, PIP, CAZ, SUL, TMP, TETSTR, CHL, PIP, CAZ, SUL, TMP, TET, RIF^b^D1/7*Escherichia coliintI2*1.6 kb*sat2*--*aadA1*STR, CHL, TIC, CIP, NOR, CTX, SUL, TMP, SXT, TET, ATMSTR, CHL, TIC, CTX, SUL, TMP, SXT, TET, ATM, RIFD2/2*E. coliintI2*1.9 kb*dfrA1*--*sat2*--*aadA1*STR, CTX, TIC, SUL, TMP, SXT, TETSTR, CTX, TIC, SUL, TMP, SXT, TET, RIFD3/1*Serratia odoriferaintI2*1.6 kb*sat2*--*aadA1*STR, NET, CHL, TIC, CAZ, CTX, SUL, TMP, SXT, TET, ATMSTR, NET, CHL, TIC, CAZ, CTX, SUL, TMP, SXT, TET, ATM, RIFD5/4*Pseudomonas* sp.*intI1*0.18 kbNoneSTR, NET, TIC, CTX, CFP, SUL, TMP, SXT, ATMSTR, NET, TIC, CTX, CFP, SUL, TMP, SXT, ATM, RIF^a^Antibiotics: *ATM* aztreonam, *CAZ* ceftazidime, *CFP* cefoperazone, *CHL* chloramphenicol, *CIP* ciprofloxacin, *CTX* cefotaxime, *NET* netilmicin, *NOR* norfloxacin, *PIP* piperacillin, *RIF* rifampicin, *STR* streptomycin, *SUL* sulfamethoxazole, *SXT* sulfamethoxazole + trimethoprim, *TET* tetracycline *TIC* ticarcillin, *TMP* trimethoprim, *TZP* piperacillin + tazobactam^b^ The recipient strain *E. coli* J-53 is resistant to rifampicin

Sequencing of the PCR products of *intI2* gene revealed a TAA stop codon at amino acid 179 in all *int2*-positive isolates, which indicates that the encoded protein was not functional. This is characteristic for *intI2*; however, exceptions have been reported for *Providencia stuartii* (Barlow and Gobius [@CR3]) and *E. coli* (Márquez et al. [@CR12]), which had a glutamine codon at amino acid 179 and produced full-length integrase. The lack of a functional integrase preserves the gene cassette content of class 2 integrons, although their recombination sites may be still recognized by class 1 integrase (Collis et al. [@CR4]).

The sizes of PCR products of variable regions of class 2 integrons ranged from 1.6 to 1.9 kb. The variable regions of class 2 integrons of three strains contained two gene cassettes: *sat2* and *aadA1*, encoding streptothricin acetyltransferase and aminoglycoside-adenyltransferase, respectively. *E. coli* D2/2 isolate had three cassettes: *dfrA1*, responsible for resistance to trimethoprim, and *sat2* and *aadA1* (Table [1](#Tab1){ref-type="table"}). Similar gene cassette arrays in class 2 integrons of *E. coli* isolates recovered from rectal swabs from wild boars in Czech Republic have been reported by Literak et al. ([@CR11]).

A 180-bp product of variable region of class 1 integron was noted for *Pseudomonas* sp. D5/4 strain. This means that there was no integrated gene cassette and the strain had a so-called "zero" integron.

All of the integrons were transferable to *E. coli* J 53--2 (Rif^R^) by conjugation assay, suggesting that, regardless of class, they were located on transferable elements. Indeed, we found ca. 30-kb plasmids present in both donor strains and tranconjugants of the *Enterobacteriaceae* strains. The frequency of conjugation ranged between 1.0 x 10^−5^and 3.5 x 10^−5^ per donor strain. This indicates a high possibility of horizontal gene transfer among strains of different genera within the animal's large intestine, and was the likely reason for the occurrence of numerous integron-positive strains in a single animal. Unlike the *E. coli* J 53--2 (Rif^R^) recipient, the transconjugants were multiresistant, like the donor strains, i.e., resistant to at least three unrelated antibiotics (Table [1](#Tab1){ref-type="table"}).

In conclusion, in this case study we showed that numerous multiresistant, integron-containing bacterial strains of different genera may inhabit a single individual of a wild animal, with a possibility of transferring antimicrobial resistance genes among them and spreading them to another animal.
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